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Some Preliminary Thoughts and Questions

Little known secret: The skill of seasonal T2m prediction during 1982-present period
depends very strongly on the upward T2m trend. (more so than on ENSO, or soil
moisture......).

Seasonal prediction and climate change are thus mixed up. This makes NMME,
unexpectedly, a climate change investigative tool. Do models have the upward trend
(correct)? Each center decided on its model version, no carefully designed/coordinated
experiment.

CFSv1 had no CO2 increase, but still had an upward (albeit too weak) SST/T2m trend (in
lead X predictions, X=1 month to X=9 months) over the ocean because of ocean data
assimilation.

In addition to ocean data assimilation, do we need an increase in CO2 to get the SST
forecast right?

Is a correct SST prediction enough to produce an upward T2m trend over land? Or do
we need increases in CO2 in the seasonal forecast model?
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NMME Forecast providers YEAR 2 & 3

Model name Period
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SST Trend for 1983-2010 Averaged for
Global Ocean
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T2m Trend for 1983-2010 Averaged for
Global Land
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Please note

SST vs T2m issues over the ocean and land
Some models have been used for IPCC before.

Not only CO2. GFDL is run under “scenario”
2004, which prescribes aerosol .

The choice of the period is 1983-2010 for
lead1-8 month forecast.

Mainly annual mean temperature for model
ensemble mean



Compare 30 Years Linear Trend of Global Mean
T i
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» Two observational estimates are shown:
CFSR and OISST agree to within 0.01 that the (global mean) upward trend over the ocean is +0.47.
CFSR and GHCN/CAMS agree to within 0.035 that the (global mean) upward trend over the land is +1.075.

» The 6 model estimates are based on a time series of lead 1-month forecasts, still close to the initial
condition. Of the six models CFSv2 has about the right upward T2m trend (global mean). Substantial
improvement over CFSvl.

» All other models do have an upward trend, but weak, both over land and ocean.
Given that all models strive for a credible ocean data assimilation, it is surprising that so many models
have such a weak upward trend in one-month-lead forecast SST over the ocean.

» The upward trend over land is too weak in 5 out of 6 models, by a few tenths (out of a 1.1 total).
Perhaps this is caused by the trends over the ocean being too weak. Curiously the NCAR has virtually
no upward trend over land.

» The NCAR model has its GHG increase turned off for the NMME application. Apparently a temperature
increase in the ocean alone is not enough to make it warmer over land.



Compare 30 Years Linear Trend for Leading Month

- CFSR crsv2 |emcr [ cmc2 | GFDL w NCAR
GHCN-CAMS
LEAD 1

0.53 0.18 0.20 0.24 0.34 0.21

112 1.05 1.08 0.60 0.79 0.77 0.80 0.09

CFSR | OIssT CFsv2 | cmci [ cmc2 | GFpL NCAR
GHCN-CAMS
LEAD 8

0.09 0.22 0.21 0.26

112 1.05 0.87 0.30 0.62 1.14 0.77 0.08

We now compare results for lead 1 (close to initial time) and lead 8 (deeper into
the model’s climate).

» Most models have equal or weaker trends at lead 8 compared to lead 1. The
only clear exception is GFDL. GFDL manages to increase trends, in fact to
realistic values, deeper into the forecast, over both land and ocean.

» CFSv2 is weaker at lead 8 than at lead 1, but still reasonably good and a big
improvement over CFSv1.



Compare 30 Years Linear Trend for CFSvl & 2

CFSR OISST CFSvli | CFSv2
GHCN-CAMS LEAD 1

0.48 0.21 0.53
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CFSR OISST CFSv1l CFSv2
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0.48 0.08 0.49 LEAD 8
1.05 0.26 0.87

> Cai et al 2009 concluded that CFSv1 (fixed CO2 at 1988 value) had a weak T2m
and SST increase because climate change was forced in only thru the
initialized ocean.

» The upward trend was already weak in the early leads, and eroded to 40% of
its initial value at lead 8 months.

» CFSv2 fixed most of this problem, and CO2 increases help explain what is
observed.



o Diff. of OISST for ave(1997-2010) minus ave(1983—1998)

BON st

Difference of SST for period
average (1997-2010) minus
(1983-1996)

603

30N

905
o]

60E 120E 180 120w 60w Q
-4+ -3 -2 -1 —05 025 025 ©5 1 2 3 4
son Diff. of CFSv2 SST for ave(1997—-2010) minus ave(1983—1996) aon Diff. of CMC1 SST for ave(1997-2010) minus ave(1983—1936) . DIff. of CMC2 SST for ave(1997-2010) minus ave(1%83—1996)

05 - —— — — —— 903 Py p T b 903
Diff. of GFOL S5T for ave(1997-2010) minus ave(1983-1998)

B0E 120E 180 120w G0 a
9aN

90N -4 -3 -2 -1 -05 -025 025 05 1 2 3 4

Lead 1 month SST
forecast

120E

—4 -3 -2 —1 -05 —025 025 05 1 2 3 4 —4 -3 -2 —1 -05 —025 025 05 1 2 3 4



Diff. of CFSR Tmp2m for ave(1987-2010) minus ave{1983—199E) aon Diff. of Tmp2m for ave(1997-2010) minus ove(1983-1998)

90N

Difference of T2m for

period average 73 ‘ N
(1997-2010) minus |0 . o WY

(1983-1996) “ ek & —

-
903 205 o " -
BOE 120E 180 120w BOW [ B0E 1208 180 120 BUW 0
—mglN | | | | (OO (esees— = I !
-4 -3 -2 -1 -05 -0325 035 05 1 2 3 4 -4+ -3 -2 -1 -05 -025 025 ©5 1 2 3 4

Diff. of CFSv2 Tmp2m for ave(1997-2010) minus ave(1983—1995)

9aN

[ B0E 120E 180 120w G0 a

~—eopg ] L | | [T e
—05 -025 025 05 1 2 3 4 X -4 -3 -2 -1 -05 -025 025 05 1 2 3 +

Diff. of GFOL Tmp2m for ave(1897-2010) minus ave(1983-1998)

Lead 1 month
T2m forecast




Difference of T2m for
period average
(1997-2010) minus
(1983-1996)

Diff. of CFSR Tmp2m for ave(

1997-2010

JON Ry =
- :
-
BN = LA B
et
i’ :
50N
40N
30N
20N “
10N . . T . . <l oy . . . . .
1600 140M 120W 1000 BOW 1600 1400 1200 100W BOW 5w

-2 -1 -05 -0D25 055 05

-4 -3 -2 -1 -D5 -0D25 025 05 1 2 3 4

Diff. of GFOL Trp2m for ave(1997-2010) minus ave(1983—1996)

Diff. of NASA Tmp2m for ave(1897-2010) minus ave

160W 140W 120 100w BOW

160W 1404 1200 100w

-1 —-05 —025 Q025 05

1

160W 140U 120W 100w aow BOW

-2 -1 —-05 —025 025 05 1 2 3 4

Lead 1 month
T2m forecast



Remarks and Discussion

1. Most models have weaker upward trend than observed, both
over land and over ocean.

2. In spite of credible ocean data assimilation models produce
upward trends that may differ by a factor of 2 to the lead 1 month
SST forecast.

3. One model, that turned off the CO2 increase, has temperature
increase over the ocean, but not over land.

4. Spatial patterns of the trend in T2m and SST are somewhat
similar across models, but with plenty of regional exceptions.



